Summary. The 
Introduction
The oviduct provides the microenvironment where fertilization and early embryo development occur. Although little is known of the specific function of components in oviductal fluid, coculture of embryos with oviductal cells (Gandolfi & Moor, 1987) or addition of oviductal fluid facilitates embryo development (Kille & Hamner, 1973) . The observation that some oviductal proteins associ¬ ate with either eggs (Shapiro et al., 1974; Fox & Shivers, 1975; Leveille et al., 1987; Wegner & cannulae in cows demonstrated that an oestrus-associated glycoprotein is produced in vivo (Gerena & Killian, 1990) . The molecular weight of this glycoprotein identified from cannulaederived oviductal fluid (this laboratory) and oviductal flushings (Boice et al., 1990 ) was approxi¬ mately 85-95 kDa. The object of the present study was to localize this oestrus-associated glycoprotein in different regions of the oviduct and to determine its production under the hormonal conditions associated with follicular and luteal stages of the oestrous cycle and gestation.
Materials and Methods
Preparation of antiserum to oestrus-associated protein Samples of oviductal fluid were collected daily from the oviduct through indwelling cannulae as previously described by Kavanaugh & Killian (1988) . Because it was not possible to observe cows for standing oestrus without putting the catheters at risk of evulsion, the stage of the oestrous cycle was determined by radioimmunoassay of progesterone concentration in serum (Killian et al., 1989) . Samples of oviductal fluid collected on days when the progesterone concentration was^1-5 ng ml ' were considered luteal-stage samples, whereas those recovered on days when the progesterone concentration was < 1 -5 ng ml ' were considered non-luteal samples. Non-luteal samples were further divided into non-luteal 1 (NL1) and non-luteal 2 (NL2). Samples pooled for NL2 included oviductal fluid from days when the progesterone concentration in serum was < 1-5 ngml~', starting with the day of oestrus and ending on the day before the rise in progesterone concentration to 5= 1-5 ng ml '. Days of oestrus and ovulation were estimated to occur at 4 and 3 days before the first rise in serum progesterone to S I -5 ng ml· ', respectively. Samples of oviductal fluid collected when the progesterone concentration was < 1 -5 ng ml ' but before oestrus, were defined as NL1.
Samples of oviductal fluid pooled for NL2 (1-9 mg protein) were resolved on a one-dimensional 5-12-5% lineargradient, preparative curtain SDS-PAGE gel with 4% stacking gel (Laemmli, 1970 
Specificity of polyclonal antiserum
Specificity was determined by western blotting. One-dimensional electrophoresis of blood serum, follicular fluid and oviductal fluid was performed as previously described (Gerena & Killian, 1990) . Two-dimensional electrophoresis followed the method of O'Farrell (1975 (Gibco, Grand Island, NY) serum-free culture medium supplemented with glucose (17 mmol 1 '), glutamine (2 mmol 1 '), epidermal growth factor (25ngml '), insulin-transferrin-sodium selenite (5µgml ', 5µgml ', 5ngml ', respectively; Sigma) and 20 µ ["S]methionine, (Dupont/New England Nuclear, Boston, MA) for 6 h at 37°C in humidified 5% C02-air. After 6h, radioactive conditioned medium was recovered and expiants were rinsed with fresh unlabclled medium and cultured for an additional 14 h in unlabelled medium. Conditioned culture medium was centrifuged (1000 g for 10 min) to pellet cells and the nitrogen-gassed supernatant was frozen at -20°C. Aliquots were removed for protein assay (Lowry et al., 1951) (Tanabe, 1970 (1975) . Gels were incubated with ENTENS1FY universal autoradiography solution (Dupont/New England Nuclear, Boston, MA) prior to drying at 80°C in a slab gel dryer (Bio-Rad, Melville, NY) and exposed to X-Omat XAR-2 X-ray film (Kodak Co., Rochester, NY) for 14 days at -70C°. Film was developed in Kodak GBX developer (5 min, 20"C). Quantitative analysis of X-ray film was performed by video densitometer scanning using Model 620 video densitometer (Bio-Rad) interfaced with an Epson Equity I computer (Seiko Epson Corporation, Nagano, Japan).
Detection of lectin-reactive sites on western blots of oviductal fluid
Proteins from non-luteal oviductal fluid were separated on one-dimensional SDS-PAGE gels and transferred to nitrocellulose paper (Towbin et al., 1979) before probing with various lectins. Blots were probed with lectins using the Vectastain biotinylated lectins kit, Vectastain ABC reagent (Vector Laboratories, Burlingame, CA) and DAB substrate. The type and carbohydrate specificity of lectins used were Ulex europeaeus agglutinin I (UEA; -linked fucose residues), soybean agglutinin (SBA; terminal a-or ß-linked JV-acetylgalactosamine), Dolchos biflorus aggluti¬ nin (DBA; -linked iV-acetylgalactosamine), peanut agglutinin (PNA; galactosyl (ß-l,3)yV-acetylgalactosamine), wheat germ agglutinin (WGA; /V-acetylglucosamine), concanavalin A (ConA; -linked mannose) and Ricinus communes agglutinin I (RCA; galactose or yV-acetylgalactosamine).
Blot strips were incubated in 3% , , in Tris-buffered saline with Tween 20 (TTBS; 01% Tween 20 in 0-1 mol Tris 1 ', 0-9% NaCl, pH 7-5) for 5 min to inactivate any endogenous peroxidases. Nonspecific binding sites were blocked using TTBS for 30 min before incubating the blot with biotinylated lectins. The concentrations used for each lectin were: PNA and WGA (8 \ig ml '), ConA and RCA (0-8 µg ml '), DBA, UEA and SBA ( 16 µ ml -'). Individual blot strips were incubated with lectins for 60 min, washed three times in TTBS for 5 min each and then incubated with avidin-biotin peroxidase conjugate (ABC reagent, Vector Laboratories) for 45 min. The ABC reagent was made as recommended by Vector, then diluted 1:5 to reduce background. Blots were washed in TTBS as before and then developed with DAB substrate. Specificity of lectin reaction was determined by incubation of control strips with lectin plus specific sugar: SBA and DBA (200 mmol iV-acetyl galactosamine 1 '), UEA (50 mmol fucose 1 '), WGA (500 mmol ¿V-acetyl glucosamine 1 ') and PNA (200 mmol lactose l-'). Bands corresponding to oestrus-associated protein were identified in a separate blot strip by incubation with antiserum to oestrus-associated protein, goat anti-rabbit IgG-peroxidase conjugate and DAB substrate.
Detection of glycosylated proteins on one-dimensional SDS-PAGE gels Schiffs reagent (Glossman & Neville, 1971) (SAS, 1985) , to detect effects of stage of cycle (mid-luteal or oestrus) and oviductal region (preampulla, ampulla or isthmus).
Results
The concentration of progesterone in serum was^O Tngml-1 in cows killed within 24 h of standing heat and >l-5ngml"' in animals killed [13] [14] Two-dimensional blots of non-luteal oviductal fluid from ampulla reacted with antiserum to oestrus-associated protein and revealed a prominant area of reaction at pi 5-2 and 97 kDa (Fig. lc) . Extending in both directions from this 97 kDa spot were reactive areas similar to those observed in autoradiograms of the radiolabelled proteins present in conditioned culture medium of ampulla expiant cultures (Fig. 2) .
Oviductal fluid recovered from an indwelling cannula of a cow on days 60, 90, 119, 149, 180 and 200 of gestation exhibited a positive reaction with antiserum to oestrus-associated protein on all days of pregnancy examined (Fig. 3) . Proteins in oviductal fluid from pregnant cows also reacted with Schiffs reagent on one-dimensional SDS-PAGE gels on all days of pregnancy examined, but the reaction was weaker than that observed in oviductal fluid from cows in oestrus (data not shown). peak of a graph of optical density versus relative mobility of oestrus-associated protein on onedimensional SDS-PAGE autoradiograms (Fig. 5) . At 6 h and 20 h of culture, oestrus-stage expiants synthesized more oestrus-associated protein (P < 005 at 6h, < 001 at 20h) than luteal-stage expiants (Fig. 6 ). Oestrus expiants analysed at 6 h also showed a region effect with ampullar Oviductal tissue recovered from pregnant cows killed on days 32, 65, 75, 85, 90, 125, 150, 175, 200 
Lectin binding
Lectin reactivity of non-luteal oviductal fluid was present at 97 kDa with SBA, DBA, WGA and PNA. ConA and RCA did not react with non-luteal oviduct fluid at 97 kDa. However, at the concentration of competitive sugars used, only WGA and PNA binding could be displaced (Fig. 7) . (Sutton et al., 1984b (Sutton et al., , 1985 .
Using conditioned medium from ampullar and isthmic expiants and oviductal flushings obtained from cows killed at oestrus and other days of the cycle, Boice et al. (1990) identified a prominent 97 kDa protein at oestrus on fluorographs of one-and two-dimensional electrophoresis gels. This protein was not detected in conditioned medium from expiants of ovarian tissue, endometrium, liver, lung, kidney and mammary gland, suggesting it was oviduct specific. The data presented in the present study confirm and extend the observations of Boice et al. (1990) . The present study also indicates that the 97 kDa protein is oviduct specific as determined from western blots of oviductal fluid, follicular fluid and blood serum and immunocytochemistry of various nonoviductal tissues. Furthermore, detection of oestrus-associated protein in oviductal fluid collected via cannulae (the present study) and oviductal flushings (Boice et al., 1990) differences in the synthesis of oestrus-associated protein with oviduct region. In every cow exam¬ ined at oestrus, the ampulla synthesized significantly more oestrus-associated protein than either preampulla or isthmus in vitro. Regional differences in the production of sulfated glycoproteins from the oviduct have been reported for rabbit expiants cultured in vitro using an enzyme-linked immunosorbent assay (Erickson-Lawrence et al., 1989a (Brower & Anderson, 1969; Oliphant et ai, 1984) and cows (Bjorkman & Fredricsson, 1961) (Peters & Ball, 1987 (1985) very strong reactivity of oestrus-associated protein with PNA was detected. WGA reactivity differed from that found by Sutton et al. (1985) when ovine EGP was analysed with lectins. They found that WGA binding was only partially inhibited with 0-2 mol Nacetylglucosamine l_l. In the present study, WGA binding was inhibited with 0-5 mol Nacetylglucosamine l_1. The lower sugar concentration used by Sutton et al. (1985) may have been responsible for their inconclusive results with WGA.
iV-acetylglucosamine residues have been detected on the peripheral zonae pellucidae of mice, rats, hamsters, cows and pigs (for review see Dunbar & Wolgemuth, 1984) . In mice, sperm galactosyltransferase binds to the terminal iV-acetylglucosamine residues in the zona pellucida (Shur
